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SOME PROBLEMS IN ECOLOGICAL PHYSIOLOGY 

N. M. Sisakyan 

ABSTRACT 

The author enumerates some problems of 
still to be solved. Comprehensive study of 
environmental factors and their actions has 
lation of ideas on physiological methods of 
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space physiology 
the effect of 
led to the formu- 
increasing the 

resistance of man, and to the recommendation of techniques 
for protection of man against injurious environmental factors. 

The rapid tempo of development and continuous expansion of research in the 
field of space physiology has naturally given rise to the need for reviewing 
the results to date and for analyzing the outlook for this branch of knowledge. 

Although only a little more than seven years have elapsed since the first 
biological satellite was launched, our knowledge has increased greatly. We not 
only have extensive data obtained in experiments on animals, but unevaluated 
information from the flights of the cosmonauts. 

It is not the purpose of this paper to survey the available materials, 
since in the limited time at my disposal I could scarcely cover the work done, 
even that in my own country. Rather, I shall confine myself to a discussion 
of the general trends of research in ecological physiology, citing experimental 
data obtained mostly in 1964 simply to illustrate some of my points. 

In rapidly developing fields of knowledge, especially those at the /2 
junction of several scientific disciplines, it is often difficult to de- 
termine the boundaries of their interests and competence. This 5s far from be- 
ing an idle matter, and I should like to comment on it briefly. 

Ecophysiology (space physiology) can now be regarded as a group of bio- 
logical disciplines concerned with the vital activity and behavior of living 
organisms when exposed to space conditions or to space flight on rocket-pro- 
pelled vehicles. The variety and complexity of the problems involved cannot 
be solved without extensive use of the ideas and methods not only of physiology, 

*Numbers in the margin indicate the pagination in the original foreign text. 
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i but of biochemistry, biophysics and other branches of biology. As a result, 
the boundary lines delimiting the competence of space physiology are fairly 
provisional and temporary. The interests of this branch of knowledge are often 
intertwined with those of exobiology, general and applied ecology, radiobiology 
and some others. However, regardless of the specific research methods used by 
space physiology, regardless of how deeply it has penetrated into the allied 
sciences, its main objective is to provide the physiological basis of the ways 
and means of preserving the normal activity of living organisms under extreme 
conditions. 

Comprehensive study of the effect of environmental factors and their varied 
mechanisms of action has led to the formulation of ideas on physiological meth- 
ods of increasing resistance and to the recommendation of techniques for pro- 
viding protection against injurious environmental factors. 
the ecological constants of an artificial habitat. 

It also determined 

The effect of environmental factors on living organisms continues to 
be a major object of study for these reasons. 
activity of living systems can be preserved is bringing closer the solu- 
tion of the biological problem of life existing in space, where external condi- 
tions are arduous for terrestrial forms of life. Here the interests of space 
physiology are intimately connected with those of exobiology. Moreover, a 
knowledge of the reactivity of living organisms to extreme environmental fac- 
tors and data on the limits of resistance to or tolerance of these factors is 
of value in devising and perfecting biotechnical systems and in developing 
methods of increasing resistance. 

The possibility that the 

The environmental conditions under study include both factors characteris- 
tic of space and those caused by the nature of the spacecraft. The first 
comprise vacuum, cosmic and solar radiations, temperature, etc. The lat- 
ter include pressure, gaseous composition of the atmosphere, temperature 
in the vehicles, etc., as well as such dynamic factors as acceleration, 
vibration and weightlessness. Not only is the effect of each being studied 
separately, but various combinations of these factors are receiving increasing 
attention by investigators, despite the technical difficulties connected with 
the experiments. However, the tolerance of specific extreme factors, includ- 
ing those characteristic of the space environment, remains an urgent subject 
for investigation, as shown by the flight of "Voskhod-2." 

/4 

Considerable attention has been focused of late on the reactions of organ- 
isms and individual cells to low and superlow temperatures. Investigations in 
the laboratory of L. K. Lozina-Lozinskiy revealed that there are representa- 

which can tolerate extremely low temperatures ( close to absolute zero), 
owing to their biological and ecological characteristics. Moreover, almost all 
cells, even those of vertebrates, are potentially resistant to chilling below 
- 8 o O  or, in the presence of protective substances, to - 2 6 9 O .  Under the condi- 
tions of complete anabiosis at the temperature of liquid gases, it appears that 
life can be maintained indefinitely without reducing the activity of the inte- 
gral organism or its cells. The results of these experiments with unicellular 
organisms and insects have important implications for space biology. 

tives of the systematic groups of animals, excluding the vertebrates, Ir 

Low 
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. 
c temperatures as well as deep freezing do not seem to jeopardize the survival of 

bacteria, yeasts, invertebrates and, possibly, even some warm blooded verte- 
brates. 

Efforts should be intensified to determine the limits of safe, reversible 
chilling of living systems, particularly at the cellular and molecular levels. 
New and interesting data can be expected from such research. Study of cryoly- 
sis, radiolysis, photolysis and their combined action on nucleoprotein molecules 
w i l l  undoubtedly help to elucidate the effect of several physical agents on the 
resistance or death of living systems. For example, M. A. Khenokh noted a num- 
ber of qualitative changes in proteins and desoxynucleoproteins after deep 
freezing and after the combined action of chilling and radiation (gamma rays of 

Co60 and ultraviolet irradiation). Freezing (-78') of solutions of /6 
desoxynucleoproteins was found to produce a precipitate, with an in- 
crease in the characteristic viscosity, loss of molecular weight, and increase 
in asymmetry of the molecules noted in the liquid phase. 
rays, varying with the dose, alters the molecular weight and degree of aggrega- 
tion of the molecules. 
their long axis and form fairly well branched molecules. These phenomena occur 
less intensively in frozen solutions. 

The effect of gamma 

Large doses cause the molecules to aggregate along 

Ultraviolet irradiation induces changes similar to those resulting from 
radiolysis. 
bond between protein and DNA. 
and phosphorus. 

Gamma rays at both positive and subzero temperatures break the 
The dialyzates have products containing nitrogen 

According to A. A. Imshenetskiy et al., certain enzymes are altered by low 
temperatures. Polarography reveals that protein is subjected to molecular re- 
arrangement in which the hydrogen links take part. The energy of activation 
decreases most steeply when the temperature is lowered to - 3 O ,  because the re- 
duction of such energy is related to the intramolecular rearrangement of the 
enzyme (trypsin). 

Of great interest are the investigations on chilling of higher animals, 
particularly in view of the potentialities of artificial hypothermia and ana- 
biosis. Artificially chilled organisms are known to be highly resistant 

some optimism on the possibility of using such a biological defense for 
emergency situations on space flights (N. N. Sirotin, G. D. Glod et al.). 

to oxygen starvation and some other injurious agents. This justifies LI 

We have some evidence that animals in a state of artificial hypothermia 
can withstand fairly intense and prolonged acceleration, ionizing radiation, 
and other factors (V. I. Danileyko, G. D. Glod, V. S. Oganov, N. N. Timofeyev, 
and others). 
(body temperature +3OC) can tolerate actions of such intensity (acceleration, 
hypoxia) as to be absolutely incompatible with life in the case of intact ani- 
mals (G. D. Glod). 

White laboratory rats in a state of reversible deep freezing 

Unfortunately, we still do not have methods for safely reducing reactivity 
Research in this field should be vigorously over a long period of time. 
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t carried out. When man emerges into free space, we have to expect that under 
certain conditions he will also encounter the effects of hypothermia. 
problem also has to be evaluated by physiologists, with due regard for the 
specific conditions of heat exchange in weightlessness. 

This 

In determining the limits of tolerance of high temperatures, ecophysiology 
may utilize the extensive information gained in other branches of physiology 
and occupational medicine. 

/8 The second extreme factor in space is high vacuum. The recent 
studies of A. A. hshenetskiy and his co-workers have demonstrated that 
several micro-organisms are very resistant to this factor. For example, Asper- 
gillus terreus, Microcossus aurant, and some algae like Chlorella vulgaris 

readily tolerate a vacuum of lo-* to 
cant for exobiology, specifically in connection with the problem of trans- 
spermia. However, it is a well-known fact that for the more organized living 
objects even lesser intensities are fatal. 

rum Hg. This information is signifi- 

The various kinds of radiation have unusual biological activity. 

It was once thought that ultraviolet rays in space were lethal to living 
organisms. 
effect. 
chemical substances that are part of the cells and their membranes (e.g., pig- 
ments) are capable of increasing the general resistance of the cytoplasm and 
nucleus to ultraviolet. 
violet radiation on terrestrial organisms is due primarily to the fact that 
they failed to adapt to it, or perhaps lost their resistance to it in the 
course of evolution. It is interesting to note that the enzyme of photo- 
reactivation may be used only wher, the cells are exposed to rays that do not 
reach the Earth's surface. However, ionizing radiation reduces the effect of 
photoreactivation. 

However, it has been found that certain factors may nullify this 
For example, photoreactivation and the screening effect of various 

It is quite likely that the injurious effect of ultra- 

Cytological investigations of the effects of shortwave ultraviolet 
L2 radiation have additional practical value for space physiology. 

physiological, cytochemical and morphological changes observed in some 
infusorians may serve as delicate indicators of the biological effect of ultra- 
violet radiation, i.e., as dosimeters. 

The 

"Ultraviolet starvation" and determination of the permissible level of 
irradiation of a spacecraft crew are other matters of practical interest to 
physiologists concerned with long-distance flights. 
the use of cosmonauts when outside the vehicle will naturally furnish protec- 
tion against the injurious effect of ultraviolet radiation. 
problems involved in choosing suitable materials for such outfits. 

The outfits planned for 

There are numerous 

A much graver danger is ionizing radiation. This is a special problem 
falling within the competence of radiobiology and will not be discussed here, 
although in some important aspects it is closely related to problems in space 
physiology. This is especially true for study of the combined effects of 
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c several factors, including irradiation. The more or less complete artificial 
reproduction in the laboratory of the conditions of outer space and various 
planets is a good model for such investigations. 
briefly some of the work that has been done in simulating the climate of Mars. 

I should like to discuss 

An experimental chamber was designed to duplicate the gaseous /10 
composition of the atmosphere, pressure, temperature and ultraviolet 
rays prevailing on this planet. It was found that only the last factor in- 
hibited the activity of micro-organisms. Spore-forming bacteria and pigment 
micro-organisms were the most resistant. Fungi forming a black pigment with- 

stood an ultraviolet dose of 4.04 10 8 erg/cm2, further evidence of the pro- 
tective role of pigment (A. I. Zhukov et al.). 

These investigations also showed that not only thin layers of soil, but 
even microbial cells provide good protection against ultraviolet rays. 
example, a screen consisting of a single layer of cells ( 1 . 9 ~  in diameter) 
reduced the bactericidal effect of the rays fourfold. 

For 

Furthermore, Lozina-Lozinskiy's laboratory also studied the developmental 
cycle of soil infusorians under Mars-like conditions. They were found to be 
capable of adapting to the daily change in temperature on Mars, to periodic 
drying out and freezing to - 7 8 O .  
that could live in Martian soil or in the vegetative covering of this planet. 
Their resistance is apparently due to hardiness resulting from the ability to 
tolerate the loss  of water. 

These unicellular animals seem to be the kind 

These examples illustrate the striking range of adaptation capabil- /11 
ities possessed by various representatives of organic life on Earth. 

The discovery of the intimate mechanisms of adaptation of living organisms 
to extreme space conditions has paved the way for methods of increasing their 
resistance and revealed the principles on which protective measures can be 
based. 

Let us now turn to the role of the dynamic factors, which may be even more 
significant at this stage in the history of space science than those examined 
previously. 

There is a vast literature with outstanding works by many authors on 
physiological analysis and determination of the limits of human tolerance. 

Owing to practical needs, preference was given to lateral acceleration, 
the transitional state between acceleration and weightlessness and weightless- 
ness. This branch of space biology is growing rapidly and successfully. 
impossible to mention even the m a j o r  achievements. 
haps, to comment on some of the obscure aspects that have received comparatively 
little attention. 

It is 
It is more worthwhile, per- 

The investigations undertaken by Ya. A. Vinnikov, V. G. Yeliseyev et al. 
with the help of the electron microscope and histochemical methods enabled them 
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to reexamine the changes in structure and function of cells of different tis- 
sues and organs in response to acceleration. 

It is still too early to evaluate the results, but we have the impres- 
sion that the pathogenetic mechanism of cell injury is fairly complex. 
Such injury is apparently not always reflected in the dynamics of the ex- 
ternal indices of physiological functions, but ultimately there is distinct im- 
pairment of the enzymatic systems, metabolic changes and even damage to cell 
structure. 

/12 

It seems to me that while the general mechanisms responsible for regu- 
lating functions are properly a matter of concern, more attention should be 
paid to the processes that take place at the cellular and subcellular levels. 
It is pertinent to recall the studies of N. P. Dubinin, M. A. Arsen'yeva et al. 
on the nuclei of mouse bone marrow and spleen cells. These investigators found 
that space flight gives rise to specific, unusual nuclear anomalies in the form 
of chromosome adhesion and some increase in the number of aberrations. Later 
investigations carried out on the ground showed that vibration (35-70 cps, 60 
min) affects mitosis and causes the type of impairment observed after space 
flight. 
the nucleus. 

Centrifugation of mice (8-20 g) revealed that this factor also affects 

Similar phenomena were noted in experiments involving the free flight of 
an airplane along Kepler's parabola with the combined action of vibration, 
acceleration and weightlessness. The inclusion of a factor like weight- 
lessness significantly increased the frequency of fragmentation and, pre- 
sumably, nonbreakage of chromosomes. 

/Is 

Thus, study of the effect of dynamic space factors individually and com- 
bined with radiation showed that they impair the process of cell division. It 
is reasonable to assil~iie that the chmges in normal cell division in the circum- 
stances described are brought about either indirectly through hormonal and 
immune alterations or directly through influences on the cell apparatus (ad- 
hesion of chromosomes during different stages of the cell cycle, displacement 
and ejection of chromosomes from the spindle). The basis of these phenomena 
is obviously interference with the process that prepares the way for cell divi- 
sion and dysfunction of the apparatus of division. Prolonged exposure to fac- 
tors that disrupt cell metabolism may extend the cell cycle, suppress DNA 
synthesis and cause chromosomal aberrations. Analysis of the various phases of 
the cell cycle in mouse bone marrow following exposure of the animals to vibra- 
tion and centrifugation revealed that the presynthesis and synthesis stages of 
DNA are most sensitive to these factors. 

Study of agents that may counter the effects of vibration showed that 
some of them, e.g., serotonin, protect bone marrow cells against such im- 
pairment as adhesion of chromosomes. 

These, then, are some of the facts, insufficiently investigated, that 
characterize the changes arising at the cellular and subcellular levels in 
response to dynamic flight factors. 
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It i s  s t i l l  d i f f i c u l t  t o  evaluate these  changes f u l l y ,  a s  fa r  as the  func- 
t i o n a l  s t a t e  of t he  organism i s  concerned. As  I mentioned previously,  no ap- 
prec iab le  changes have been observed i n  phys io logica l  funct ions,  i n  the  main 
c l i n i c a l  constants  of per iphera l  blood, i n  behavior o r  e f f i c i ency .  Consequent- 
l y ,  there  are no grounds f o r  exaggerating t h e  s ign i f icance  of these  f a c t s ,  l e t  
alone f o r  regarding them as  dangerous. Y e t ,  I repeat ,  they  must be c a r e f u l l y  
considered, e spec ia l ly  i n  connection with extended f l i g h t s .  Moreover, they  
help t o  f i l l  out  the  p i c t u r e  of t he  general  changes, a p i c t u r e  i n  which the re  
a re  s t i l l  q u i t e  a few "blank spots . "  

For example, t he  reac t ion  of t he  nervous system t o  acce lera t ion  i s  s t i l l  
somewhat obscure. We have a r i g h t  t o  expect important da t a  from d e l i c a t e  
e lec t rophys io logica l  i nves t iga t ions  which include t h e  hemodynamic changes t h a t  
may r e s u l t  from acce lera t ion .  

A s  i s  evident  from t h e  in t e re s t ing  s tud ie s  of Yu. Ye. Moskalenko e t  a l . ,  
the  rapid rate of cerebra l  blood flow and t h e  nature  of t he  anatomical s t ruc -  
t u r e  of t h e  i n t r a c r a n i a l  vascular  system suggests t h a t  one of the  reasons f o r  
the  d isorders  developing i n  humans and animals af ter  exposure t o  g r a v i t a t i o n a l  
loads i s  impairment of t h e  cerebra l  blood supply. Per t inent  experimental 
da t a  i n d i c a t e  t h a t  t he  i n t r a c r a n i a l  c i r cu la to ry  system i s  highly sens i -  
t i v e  t o  the  r e d i s t r i b u t i o n  of blood caused by g r a v i t a t i o n a l  fo rces ,  and 
t h a t  the body has considerable compensatory c a p a b i l i t i e s  f o r  ensuring satis- 
f ac to ry  blood supply t o  the  c e n t r a l  nervous system wi th in  a wide range of grav- 
i t a t i o n a l  loads.  Moreover, t he  l i m i t s  may be extended by planned t r a i n i n g  and, 
possibly,  by t h e  use of some pharmacologic agents.  

& 

Once again we see t h a t  a s  our knowledge of t he  mechanisms of ac t ion  of 
ind iv idua l  f a c t o r s  increases ,  we f i n d  ourselves  i n  a pos i t i on  where w e  can in-  
f luence the  course of events  more or l e s s  as w e  wish. I n  t h i s  connection, I 
should l i k e  t o  r e f e r  t o  t h e  experiments of P. V. Vasi l 'yev e t  a l . ,  which showed 
t h a t  the  s e n s i t i v i t y  of animals t o  ce r t a in  pharmacologic agents (glucoside,  
sympathomimetic drugs, narco t ics )  markedly changes i n  t h e  period following ex- 
posure t o  acce lera t ion .  

All t h i s  information w i l l  help u s  t o  make more e f f i c i e n t  use of drugs, as 
w e l l  as t o  ga in  deeper in s igh t s  i n t o  the  pathogenesis of t he  d isorders  occa- 
sioned by acce lera t ion .  

From the  very beginning of space physiology, weightlessness has been an 
ex t raord inary  problem. The d i f f i c u l t y  i n  simulating t h i s  s t a t e  on t h e  ground 
made the  experiments on spacecraf t  the p r i n c i p a l  method of studying the  phenom- 
enon. The successful  f l i g h t s  of the cosmonauts, e spec ia l ly  the >-day t r i p  of 
V.  Bykovskiy, and the  b r i l l i a n t  f e a t  of A. Leonov i n  s tepping out  of h i s  c r a f t  
r i g h t l y  generated f e e l i n g s  of s a t i s f a c t i o n  and optimism. Yet, a compreheil- 
s ive  and sober appra i sa l  of t h e  l e v e l  of cur ren t  knowledge revea ls  t h a t  
t h e  problem s t i l l  requi res  the most ea rnes t  a t t en t ion .  

/16 

Besides the  funct ioning of t h e  analyzer  system, hemodynamics and metabo- 
l i s m ,  research should be conducted i n  two d i r ec t ions :  (1) to lerance  of accel-  
e r a t i o n  af ter  prel iminary exposure t o  weightlessness,  and (2) phys io logica l  
e f f e c t s  of prolonged weightlessness.  
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4 P. A. Kurzhuyev s observations are of i n t e r e s t .  After inves t iga t ing  
changes i n  hemoglobin s y n t h e s i s . i n  the course of animal phylogenesis and the  
s i t u a t i o n  t h a t  a r i s e s  as animals emerge onto dry land from water,  t h e  author  
concluded t h a t  t he  evolut ion of t h i s  function i s  an experiment by nature  
l a s t i n g  mi l l ions  of years, an experiment t h a t  may provide i n d i r e c t  information 
f o r  solving one of the  aspec ts  of weightlessness.  

The au thor ' s  premise i s  t h a t  l i v ing  i n  water,  unl ike t h a t  on land, i s  
similar i n  some ways t o  l i v i n g  under weightless condi t ions.  Relying on t h e  
f a c t  t h a t  bone marrow appears i n  t e r r e s t r i a l  ver tebra tes  and progress ive ly  
develops i n  the  higher  land mammals, while it diminishes i n  aqua t i c  mam- 
mals adapted t o  t h e  medium, t h e  author advances t h e  hypothesis t h a t  prolonged 
weightlessness may have an extremely adverse e f f e c t  on hematopoiesis. 

/17 - 

I should a l s o  l i k e  t o  r e c a l l  an idea  of K. E. Tsiolkovskiy (1882), s t i l l  
va l id ,  on the p o s s i b i l i t y  of s ign i f i can t  changes occurr ing i n  organisms exposed 
t o  weightlessness.  
t h a t  those remaining a long t i m e  i n  space s t a t i o n s  or t r ave l ing  on an i n t e r -  
p l ane ta ry  spacecraf t  w i l l  have t o  have a r t i f i c i a l  g rav i ty ,  the  optimal param- 
e t e r s  of which should be determined as soon as poss ib le .  

It seems t o  m e  t ha t  we must reckon with the  p robab i l i t y  

Other prophylact ic  measures w i l l  have t o  be devised t o  combat the  unde- 
s i r a b l e  e f f e c t s  of prolonged weightlessness,  e .g . ,  ca re fu l  s e l ec t ion  and 
t r a i n i n g  of cosmonauts, devis ing preventive r e s t  and work rout ines  on t h e  space- 
c r a f t ,  e t c .  

The recent experiment on "Voskhod-2" a l s o  demonstrated the  except ional  i m -  
por tance of de t a i l ed  s tudy of the biomechanical aspec ts  of t h e  long-range prob- 
lems r e l a t i n g  t o  t h e  assembling o f  space ob jec t s  and t h e  cosmonaut's performing 
a v a r i e t y  of t a sks  outs ide  the  vehicle. 

The progress  made i n  space physiology w i l l  he lp  t o  provide p r a c t i c a l  
so lu t ions  of t h e  l i fe -suppor t  problems involved i n  extended space f l i g h t s .  
O f  g r e a t e s t  value a re  t h e  physiological  i nves t iga t ions  designed t o  f ind  
ways of c rea t ing  an a r t i f i c i a l  atmosphere i n  t h e  cabins of spacecraf t .  It i s  
e s s e n t i a l  t o  determine, f o r  example, t he  l i m i t s  of permissible  va r i a t ions  i n  
such parameters as barometric pressure,  composition of gases ,  humidity and t e m -  
pe ra tu re .  Much w a s  learned about them as experience was gained i n  designing 
t h e  vehic les .  

/18 

Considerable a t t e n t i o n  has  been focused of l a t e  on the  composition of gases 
f o r  t h e  pressurized cabin.  Solutions have been found and t e s t e d  f o r  sho r t  
f l i g h t s ,  but not f o r  extended f l i g h t s .  
h ighly  i n t e r e s t i n g .  A. G .  Zhironkina e t  a l . ,  f o r  example, es tab l i shed  experi-  
mental ly  the  maximum permissible  safe concentrat ions of oxygen mixed w i t h  helium 
f o r  various representa t ives  of t he  animal world. They a l s o  obtained some en- 
couraging experimental d a t a  on prolonged exposure t o  helium. Spec i f ica l ly ,  they 
found t h a t  i n  a prolonged experiment both animals and human beings p r e f e r  t o  
brea the  helium-oxygen r a t h e r  than nitrogen-oxygen mixtures, due t o  the  phys ica l  
p rope r t i e s  of helium which help t o  reduce r e s i s t ance  t o  r e sp i r a t ion  and in -  
c rease  a lveo la r  ven t i l a t ion .  

The many attempts t o  use helium are 
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. V. V. Boriskin e t  a l .  s tudied t h e  e f f e c t s  of prolonged exposure t o  a 
helium-oxygen mixture on the  development of b io log ica l  ob jec ts  wi th  d i f -  
f e r e n t  l e v e l s  of organiza t ion .  No d i f fe rences  were noted i n  f rog  eggs and 
chick embryos e i t h e r  i n  the  time or nature  of t h e  embryogenesis of embryos, 
whether they  were incubated i n  a helium-oxygen o r  nitrogen-oxygen mixture.  

/19 

The inves t iga t ions  of A. G.  Dianov, A. G. Kuznetsov e t  a l .  have p r a c t i c a l  
implicat ions i n  t h a t  they  demonstrate the  p o s s i b i l i t y  of human beings s t ay ing  
a long t i m e  (10-25 days) i n  a helium-oxygen atmosphere. No changes were noted 
i n  t h e  main phys io logica l  func t ions ,  except speech. For example, according t o  
Yu. V. Krylov, breathing a helium-oxygen mixture fo rces  the  audible  speech 
spectrum t o  s h i f t  toward the  high frequencies  by about 0.7 of an octave.  The 
reduct ion of i n t e l l i g i b i l i t y  does not  f a l l  below an acceptable l e v e l .  
should be continued i n  t h i s  f i e l d ,  e spec ia l ly  t o  determine t h e  b io log ica l  s ig -  
n i f i cance  of o t h e r  i n e r t  gases ,  a s  I,. A. Orbel i  suggested. 

Research 

Since designers  have a na tu ra l  tendency t o  bui ld  cabins containing low 
pressure ,  s tud ie s  a r e  under way on the  p o s s i b i l i t y  of organisms surv iv ing  a 
prolonged s t a y  under such condi t ions.  

D. I. Ivanov, V. B. Malkin e t  a l . ,  f o r  example, demonstrated experimental- 
l y  t h a t  human beings can remain exposed as long as 30 days t o  low baromet- 
r i c  pressures ,  corresponding t o  a l t i t u d e s  of 3000, 5000, and 7000 meters,  /20 
provided t h a t  normal par t ia l  pressure  of oxygen i s  maintained by enr ich ing  
the  atmosphere of t h e  cabin wi th  it. The authors  fa i led  t o  d e t e c t  any s i g n i f i -  
cant impairment of func t ion  a t t r i b u t a b l e  e i t h e r  t o  low barometric pressure  or 
t o  high oxygen content .  

The r e s u l t s  of t hese  and o the r  s tud ie s  a re  q u i t e  promising. However, it 
seems t o  m e  t h a t  much d i f f i c u l t  work remains t o  be done. High degrees of r a re -  
f a c t i o n  harbor the  danger of p o t e n t i a l  decompression d isorders ,  while  an in-  
c rease  i n  oxygen concentrat ion may be tox ic .  These d i f f i c u l t i e s  can s u r e l y  be 
surmounted by c rea t ing  an atmosphere i n  the  cabin su i t ed  t o  f l i g h t  condi t ions,  
but it w i l l  not be easy t o  provide f o r  emergency s i t u a t i o n s .  

F a i r l y  complex and spec ia l ized  problems f ace  ecophysiologis ts  i n  connec- 
t i o n  wi th  t h e  design of a r t i f i c i a l  eco logica l  systems, i n  which the  use  of 
var ious spec ies  of animals and p l an t s  have been suggested as ind iv idua l  l i n k s .  

The c h a r a c t e r i s t i c s  of growth of t he  biomass, production of oxygen, uptake 
of carbon dioxide,  r e s i s t ance  t o  unfavorable fac tors - - the  s o l u t i o n  of t hese  and 
many o t h e r  problems by phys io logis t s  i s  awaited by s p e c i a l i s t s  i n  t h e  f i e l d  of 
ecosystems. 

Moreover, as A. B. Rubin e t  a l .  showed, desc r ip t ion  of  t h e  behavior 
of  a l i v i n g  ecologica l  system requi res  many new approaches i n  o rde r  t o  
determine i t s  s t a b i l i t y  and r e l i a b i l i t y .  
mathematical and thermodynamic methods of ana lys i s  are used. 

This i s  poss ib le  only i f  modern 

Space physiology i s  a l s o  concerned with the  physiological  rhythms assoc i -  
a t ed  wi th  prolonged f l i g h t s ,  establishment of s c i e n t i f i c a l l y  sound work and 
rest rou t ines  and many o the r  matters deserving independent cons idera t ion .  
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On long f l i g h t s  t he  cosmonauts may be exposed t o  a v a r i e t y  of unfavorable 
f a c t o r s .  This makes it e s s e n t i a l  t o  achieve the  maximum poss ib le  increase  i n  
adaptat ion reserves ,  while t r a i n i n g  personnel f o r  such f l i g h t s .  
t h e o r e t i c a l l y  two but not mutually exclusive ways of doing t h i s .  
various t r a i n i n g  rout ines ,  which na tura l ly  increase  the adaptat ion reserves  of 
the  body. The o the r  i s  t o  use pharmacologic and b io log ica l ly  ac t ive  agents.  

There are 
One i s  t o  use 

Since space f l i g h t  involves simultaneous exposure t o  many f a c t o r s ,  t h e  
idea  n a t u r a l l y  arose of using t r a in ing  methods wi th  a broad spectrum of non- 
s p e c i f i c  ac t ion .  The means of increasing adaptat ion reserves should, of 
course, a l so  include those which strengthen t h e  s p e c i f i c  defense mechanisms 
aga ins t  t h e  most important f l i g h t  f ac to r s .  

The following example i s  i l l u s t r a t i v e .  Resistance t o  la teral  accel-  /22 
e r a t i o n  may be strengthened by nonspecific t r a i n i n g  methods such as phys- 
i c a l  exerc ises  and ac t ive  accl imat izat ion i n  mountains. A t  the  same time the  
acceleration-induced dis turbance of voluntary movements, r e s p i r a t i o n  and speech 
can be overcome by t r a i n i n g  on a centr i fuge,  by developing s u i t a b l e  motor 
hab i t s  i n  the  subjec ts  and teaching them how t o  brea th  and speak under these  
condi t ions.  

The search f o r  an e f f i c i e n t  system of t r a i n i n g  cosmonauts i nev i t ab ly  l ed  
inves t iga to r s  t o  consider mountains. It was reasonable t o  assume t h a t  acclima- 
t i z a t i o n  t o  h igh -a l t i t ude  conditions,  e s p e c i a l l y  when combined with muscular 
exer t ion ,  would be  an e f f e c t i v e  procedure. The s tud ie s  made i n  recent  years i n  
t h e  Caucasus and Tien Shan showed tha t  a f t e r  f a i r l y  long "graduated adaptat ion" 
t o  a l t i t u d e s  of 2000 and 4000 meters with occasional  climbs t o  g r e a t e r  he ights ,  
ind iv idua ls  become much more resistant t o  acce le ra t ion  (1.3-2 g )  and acute  
hypoxia. 

Adapt,ation i s  an except iona l ly  complex process,  one t h a t  embraces l i t e r a l l y  
a l l  l e v e l s  of regula t ion  and almost a l l  t he  physiologlcai  systems of t h e  body. 

This i s  probably t h e  reason t h a t  our  knowledge i s  f a r  from complete /;?3 
and t h a t  a considerable number of s c i e n t i s t s  are s t i l l  working on the  
problem. 

The experiments of N. N. S i ro t in in ,  Z. I. Barbashova, V. B. Malkin, e t  a l .  
showed, f o r  example, t h a t  animals  (white ra ts) ,  i n  which the  cerebra l  cor tex,  
hypophysis, adrenals  and thyroid had been sepa ra t e ly  removed, adapted t o  hypoxia. 
However, the  underlying mechanisms of ten developed i n  a pecu l i a r  fashion.  For 
example, a f t e r  prolonged exposure t o  h igh -a l t i t ude  conditions,  hypophysectomized 
animals did not exh ib i t  t h e  c h a r a c t e r i s t i c  r eac t ion  of e ry thropoies i s ,  ye t  t h e i r  
r e s i s t ance  t o  acute  hypoxia tended to  increase.  

Research on adaptat ion processes a t  the c e l l u l a r  and subce l lu l a r  l e v e l s  
seems t o  me t o  be extremely promising. We are  e n t i t l e d  t o  expect s i g n i f i c a n t  
progress  i n  t h i s  f i e l d ,  e s p e c i a l l y  when modern methods of studying t i s s u e  resp i -  
r a t i o n  a r e  used. 

Thus, t h e  ava i lab le  evidence suggests t h a t  d i r ec t ed  change i n  r e s i s t ance  i s  
poss ib l e  f o r  any organism from man t o  p l a n t  c e l l .  The means of doing t h i s  a re  
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the  same i n  p r inc ip l e  f o r  almost a l l  animals. It i s  t h e  repeated ac t ion  of 
agents addressed, u l t imate ly , to  c e l l u l a r  metabolism, which induce adaptive 
changes i n  c e l l  chemism. These agents include hypoxia, muscular work, change 
i n  environmental temperature and some drugs. The s i n g l e  ac t ion  of some fac-  
t o r  may by i tself  increase res i s tance .  
acute  hypoxia o r  performance of strenuous muscular work br ings about changes 
i n  c e l l  metabolism. These a re  accompanied, i n  t h e  case of phys ica l  exer t ion ,  by 
i n t e n s i f i e d  expenditure of energy and adaptive increase i n  a c t i v i t y  of t h e  
oxidation-reduction enzymes, i n t ens i f i ed  anaerobic r e l ease  of energy and resu l -  
t a n t  accumulation of incompletely oxidized metabolic products ,  and by an in-  
crease i n  t h e  oxygen debt.  The r e s to ra t ive  period i s  marked by excessive accu- 
mulation of sources of energy (glycogen, phosphocreatine),  proteins-enzymes and 
a v a r i e t y  of b io log ica l ly  ac t ive  substances (myoglobin, g lu ta th ione ,  ascorbic  
ac id ,  c r ea t ine ,  e t c  . ) . 

For example, a s ing le  exposure t o  /24 

These processes  occur i n  var ious t i s sues .  The t r a c e  r eac t ions  gradual ly  
disappear,  unless  t he  same s t r e s s o r s  a re  applied again. Repet i t ion renews t h e  
changes i n  the  biochemical processes of t h e  c e l l ,  followed by t h e  onset  of a 
r e s t o r a t i v e  phase. The most important t h ing  i s  t h a t  t h e  adaptive processes  a r e  
completed. They become more e f f i c i e n t ,  t h e  e f f e c t s  cumulative and reinforced,  
i . e . ,  they  p e r s i s t  f o r  a considerable period of t i m e .  The r e s u l t  i s  what we 
c a l l  adaptat ion.  The c e l l s  learn ,  so t o  speak, t o  r eac t  more economically and 
"appropriately"  t o  the  s t r e s s o r s  as the r e s i s t ance  of t h e  c e l l  s t r u c t u r e s  
increases .  

k2 It w i l l  be noted t h a t  changes i n  c e l l  chemism are not l i m i t e d  t o  
changes i n  t h e  nature  and i n t e n s i t y  of t he  metabolic processes .  
obviously some o the r  processes  with a s t i l l  obscure mechanism t h a t  s t rengthen 
the  r e s i s t a n c e  of t h e  c e l l  s t ruc tu res  t o  a g rea t  v a r i e t y  of agents,  which a re  
addressed t o  the  metabolic processes and a t  the  same time d i r e c t l y  inf luence 
the  n a t i v e  s t r u c t u r e  of the c e l l .  For example, it was found t h a t  ra t  muscle 
and ce reb rocor t i ca l  t i s s u e s  become more r e s i s t a n t  t o  e t h y l  a lcohol  cr high con- 
cen t r a t ions  of caffeine a f t e r  they become adapted t o  hypoxia. The sorp t ion  
p r o p e r t i e s  of re t icu loendothe l ia l  t i s sue  with respect  t o  v i t a l  s t a i n s  decrease, 
while t h e  osmotic res i s tance  of the  erythrocytes  increases .  The s t r u c t u r a l  
rearrangements of muscle t i s s u e  can a l so  be  judged from changes i n  t h e  e l e c t r i c  
conduct iv i ty  and d i e l e c t r i c  permeabili ty of muscles i n  vivo. 
of t h e  s t r u c t u r a l  and c o n t r a c t i l e  pro te ins  of s k e l e t a l  muscle change i n  a 
d e f i n i t e  way. It w a s  found t h a t  i n  rats, adapted t o  hypoxia, t h e  rate of 
r e s t o r a t i o n  of t h e  actomyosin complex following i t s  d i s s o c i a t i o n  by ATP i s  
h igher  than i n  cont ro l  animals (Z .  I. Barbashova). 

There are 

The p rope r t i e s  

Since the  e f f e c t s  of e n t i r e l y  d i f f e r e n t  s t r e s s o r s  on c e l l  chemism have 
s e v e r a l  f e a t u r e s  i n  common, it i s  easy t o  understand why t r a i n i n g  f o r  hypoxia, 
f o r  example, increases  r e s i s t ance  t o  acce le ra t ion ,  r ad ia t ion ,  c h i l l i n g  or 
performance of strenuous muscular work. 

Experimental d a t a  show t h a t  changes i n  c e l l  chemism i n  response t o  
Adaptation t o  re- extreme f a c t o r s  occur a t  a l l  l e v e l s  of organizat ion.  

peated exposure t o  these s t r e s s o r s  i s  accompanied by an increase  i n  nonspecific 
r e s i s t a n c e .  Consequently, w e  are q u i t e  j u s t i f i e d  i n  thinking t h a t  adapt ive 
changes a t  the  c e l l  l e v e l  are the  basis  of nonspecific r e s i s t ance .  
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* 

The need f o r  continued research to  f i n d  nonspecif ic  methods of increas ing  
r e s i s t ance  t o  extreme f a c t o r s ,  combined, of course,  wi th  s p e c i f i c  t r a i n i n g  
methods, i s  evident .  The l a t t e r  should include those aimed a t  improving t h e  
neurohumoral mechanisms responsible  f o r  regula t ing  phys io logica l  func t ions  and 
f o r  forming and re inforc ing  the  s k i l l s  needed by the  cosmonauts t o  c a r r y  out  
t h e i r  rou t ine  t a sks ,  research and other  a c t i v i t i e s .  

Except ional ly  valuable  materials f o r  such inves t iga t ions  are provided by 
Each f l i g h t  represented a the  observat ions made during ac tua l  space f l i g h t s .  

new and important s t e p  forward i n  gaining mastery over space. 
our  a t t e n t i o n  t o  new aspects  of space physiology. 
Bykovskiy on "Vostok-5" and the  f l i g h t  of P. Belyayev and A. Leonov on 
"Voskhod-2" with the  f i rs t  emergence of man i n t o  space yielded unusual ly  s ig -  
n i f i c a n t  physiological  da ta .  

Each d i r e c t e d  
The ?-day f l i g h t  of V. 

Despite t he  operat ions involved i n  us ing  t h e  a i r  lock,  the  prescr ibed 
regime was maintained on "Voskhod-2" throughout the  f l i g h t :  a i r  tempera- 
t u r e  about + 1 8 O c ,  humidity 35-40 percent ,  p ressure  equal  t o  the normal Ear th  
p re s  sure .  

/r 

The crew landed t h e  c r a f t  using the  manual con t ro l  system. In  t h i s ,  as i n  
the  preceding f l i g h t s ,  t h e r e  were no hea l th  problems, nor  did t h e  p o s t f l i g h t  
examination r evea l  any abnormali t ies .  

The most i n t e r e s t i n g  aspect ,  of course,  w a s  t h e  cosmonaut's e f f i c i e n c y  and 
biomechanics of h i s  free movements a f t e r  he stepped out  of the  cabin. Here 
are some of t he  impressions of Leonov i n  h i s  own words: 

"It w a s  impossible t o  s top  the  r o t a t i o n  by any movements whatever, which I 

And, ac tua l ly ,  the  angular ve loc i ty  gradual ly  decreased. 
knew from my p r e f l i g h t  t r a in ing ,  and now I expected only t o  slow t h e  r o t a t i o n  
by t w i r l i n g  the  rope. 
I n  t r u t h ,  by grabbing t h e  rope I could have ha l t ed  the  movement of my bod-$ 
around t h e  t ransverse  axis, but I d idn ' t  want t o  do it. That way t h e r e  were 
more oppor tun i t i e s  t o  look around and it w a s  unnecessary t o  waste t i m e .  

"After  a while I vigorously braced myself, se ized the  rope, and had t o  
use my hands t o  p r o t e c t  myself from the  spacec ra f t  t h a t  had begun t o  rush 
toward m e .  
helmet from s t r i k i n g  the  c r a f t .  
my arms t o  absorb the  blow. 
t h a t  once I became used t o  it, I could move about e f f i c i e n t l y  and i n  a coordi-  
nated fash ion  under these  unusual conditions.  I f e l t  exce l l en t  and i n  a cheer- 
f u l  mood and r e l u c t a n t  t o  leave the f r e e  space. 
r e t u r n  t o  the  cabin,  I pushed o f f  once more from t h e  edge of t h e  hatch t o  check 
on why t h e r e  i s  angular  ve loc i ty  a t  the  f i rs t  moment af ter  impact. I found 
t h a t  t h e  s l i g h t e s t  s h i f t  i n  d i r ec t ion  of t h e  f o r c e  of the  impact caused ro ta -  
t i o n  i n  the  corresponding plane.  Those persons who w i l l  be working i n  space 
w i l l  obviously have much t o  do i n  securing t h e i r  bodies while i n  weight less-  
ness.  A s  f o r  t he  so-cal led psychological b a r r i e r  t h a t  w a s  supposed t o  be in-  
surmountable by man preparing t o  confront the  cosmic abyss alone, I not  only 
d id  n o t  sense any b a r r i e r ,  but  even fo rgo t  t h a t  t h e r e  could be one. 

- 128 I f j r s t  had t o  th ink  about prevent ing the  i l l umina to r  i n  my 
But f l y i n g  up t o  t h e  a i r  lock, I used 

This was very easy  t o  do, and I became convinced 

Even after I w a s  ordered t o  



L 

. 
"I took the  camera which fi lmed my stepping out  i n t o  space and t r i e d  t o  

e n t e r  t h e  hatch immediately, but t h i s  was not  Loo cagy t o  do. 
i s  hampered when wearing a space s u i t .  Considerable phys ica l  exe r t ion  w a s  
required,  so t h a t  my taking leave  of space was a r a t h e r  p ro t r ac t ed  af- 
f a i r .  A t  l a s t  I w a s  i n  t h e  a i r  lock  again and soon found myself i n  the  
cabin alongside Pave1 Ivanovich who congratulated me on success fu l ly  car ry ing  
ou t  the  program fo r  leaving  t h e  c r a f t .  Despite t h e  r a t h e r  strenuous phys ica l  
exe r t ion  the  independent l i fe -suppor t  system was completely r e l i a b l e ,  and I f e l t  
no l ack  of a i r  o r  unfavorable temperature f luc tua t ions .  But when I w a s  s i t t i n g  
i n  t h e  cha i r ,  streams of sweat flowed down my forehead and cheeks. I n  m y  opin- 
ion,  it i s  premature t o  compare space, as some j o u r n a l i s t s  do, t o  a p i cn ic  
ground. " 

After  a l l ,  one 

/29 

Several  years  ago the  first pages of space physiology were wr i t t en .  Now 
the re  seems t o  be enough material t o  wr i t e  t he  most important chapters.  Our 
aim i s  t o  see t o  it t h a t  t he  designers ,  cosmonauts and s c i e n t i s t s  f i nd  i n  
these  ma te r i a l s  u s e f u l  and e s s e n t i a l  information t o  advance space science.  

Translated f o r  the  National. Aeronautics and Space Administration by 
John F. Holman Co. Inc  . 


